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Occurrence and Distribution of Nitrate and Selected 
Pesticides in Ground Water in Missouri, 1986-94

By Donald H. Wilkison 1 and Randall D. Maley2

Abstract

Data from 854 wells and 38 springs in Missouri 
were analyzed for the occurrence and distribution of 
nitrate, as nitrogen (NO3), and selected pesticides. 
Sampling sites were located in 81 of the 114 counties 
in Missouri. Samples were collected between 1986 
and 1994 and were obtained primarily from near-sur 
face aquifers. More than 40 percent of the sites were 
located in counties where at least 25 percent of the 
land was used for agricultural row-crop production.

Ground water from glacial drift or Pennsylva- 
nian rocks had significantly higher concentrations of 
nitrate and more frequent pesticide detections than did 
ground water from alluvial, Mississippian/Springfield 
Plateau, or Cambrian-Ordovician/Ozark aquifers. 
Water samples from wells less than 75 feet deep, 
greater than 6 inches in diameter, and where the water 
level was within 50 feet of the land surface had signif 
icantly higher nitrate concentrations and were more 
prone to pesticide detections than samples from other 
wells.

Nitrate was detected with greater frequency and 
at much higher concentrations than were pesticides. 
More than 36 percent of wells had NO3 concentrations 
in excess of 3 milligrams per liter, indicating a possi 
ble anthropogenic source of NO3 for many wells. 
Water samples from 151 wells (17.6 percent) had NO3 
concentrations greater than or equal to the Missouri 
drinking-water-supply criterion of 10 milligrams per 
liter.

Slightly more than 11 percent of the sites had 
pesticide concentrations in excess of 0.1 microgram

^ydrologist, U.S. Geological Survey, Independence, Mis
souri.

Environmental Specialist, Missouri Department of Health, 
Jefferson City, Missouri.

per liter. Pesticide concentrations exceeded the maxi 
mum contaminant level or health advisory limit for 
drinking water at 1.9 percent of the sites. Atrazine was 
the most frequently detected pesticide.

Samples from wells where chemicals were 
mixed within 100 feet of the well had significantly 
higher concentrations and more frequent detections of 
pesticides than samples from other wells. The percent 
age of row crops within a 0.25-mile radius of the well 
was not related to NO3 concentrations or pesticide 
detection frequency. Nitrate concentrations in ground 
water were inversely related to estimated fertilizer-use 
rates. However, herbicide-use rates were not signifi 
cantly related to pesticide detection frequency.

Nitrate concentrations were significantly higher 
in samples with pesticide detections than for those 
without detections. Wells less than 0.25 mile from a 
feedlot had significantly higher NO3 concentrations 
than other wells; however, NO3 concentrations were 
not related to the well distance from a septic system.

INTRODUCTION

Many Missourians rely on ground water as their 
sole supply of drinking water. In 1990, there were 
336,600 private drinking-water wells in the State. 
Approximately 783,000 people used these wells as 
their supply of domestic water (U.S. Department of 
the Census, 1991). In 1980, domestic-water use 
accounted for approximately one-third of all ground- 
water use in the State (Marikos and Skelton, 1983).

Average annual crop fertilizer use in Missouri 
was 786 million pounds between 1986 and 1992 (Uni 
versity of Missouri, 1993). In 1989, more than 8 mil 
lion pounds of pesticides were applied to crops in 
Missouri to improve crop yields (Smith and Fairchild, 
1990). Because of the potential for agricultural chemi 
cals to affect ground-water resources, the U.S. Geo-
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logical Survey (USGS) and the Missouri Department 
of Health (MDOH) examined data collected between 
1986 and 1994 on the occurrence and distribution of 
agricultural chemicals in ground water in Missouri. 
The objectives of this study were to compile existing 
data on the occurrence and distribution of agricultural 
chemicals in ground water and to determine statistical 
relations between the occurrence of agricultural chem 
icals and selected land-use patterns.

Purpose and Scope

This report describes the occurrence and distri 
bution of nitrate, as nitrogen, hereafter referred to as 
NO3, and selected pesticides in ground water. The 
report is based on samples from 854 domestic wells 
and 38 springs in Missouri and provides a summary of 
the associated water-quality data. Analyses of how 
these distributions are affected by the factors of hydro- 
geology, well construction, agricultural practices, and 
land-use patterns are presented. The report focuses pri 
marily on areas of the State that are considered to be 
the most susceptible to agricultural chemical contami 
nation.

Previous Investigations

Previous investigations addressing agricultural 
chemicals in ground water in Missouri include studies 
conducted solely within Missouri and regional studies 
that examined large geographic areas in the midconti- 
nental United States. The data for these investigations 
were compiled and supplemented with data collected 
in other studies to provide the basis for this report. 
Most of the data were gathered during a series of 
cooperative USGS and MDOH investigations.

Studies in Missouri
Cooperative studies by the USGS and MDOH 

began in 1986 and continued through 1992. The stud 
ies documented the occurrence and distribution of 
NO3 and selected pesticides in ground water in the 
areas of the State considered the most susceptible to 
contamination. Six regions of the State were sampled 
(fig. 1). These areas were selected because they were 
areas of intense agricultural production that rely pri 
marily on shallow sources of ground water for water 
supplies. The methods, sampling details, and analyti 
cal results for these studies are given in a series of 
reports (Mesko and Carlson, 1988; Ziegler and others, 
1993,1994; Wilkison and Maley, 1994).

During a 1986-87 study in the southeast low 
lands, 74 domestic, 25 irrigation wells, and 25 public- 
water-supply wells were sampled for NO3 and 
selected pesticides (Mesko and Carlson, 1988). Con 
centrations of NO3 exceeded 10 mg/L (milligrams per 
liter) in 17.5 percent of the sites. Concentrations of 
one or more pesticides were detected at 13.2 percent 
of the sites.

Ninety-five domestic wells in two reaches of the 
Missouri River alluvium were sampled in 1988 and 
1989 for NO3 and selected pesticides (Ziegler and oth 
ers, 1993). Samples from 12.6 percent of the sites had 
NO3 concentrations in excess of 10 mg/L, and concen 
trations of one or more pesticides were detected at 
11.6 percent of the sites.

Ground water from west-central Missouri was 
sampled at 123 sites in 1990 and 1991. Concentrations 
of NO3 exceeded 10 mg/L at 19.5 percent of the sites 
(Ziegler and others, 1994). The isotopic signature of 
the NO3 (615N) at these sites indicated that animal 
wastes were the predominant sources of the nitrate 
concentrations (Wilkison, 1993). Samples from 23.6 
percent of the sites had detectable concentrations of 
one or more pesticides.

In 1991,130 domestic wells were sampled in 
northwestern Missouri for NO3 and herbicides (Wilki 
son and Maley, 1994). Concentrations of NO3 
exceeded 10 mg/L in samples from 23.8 percent of the 
sites. Concentrations of one or more herbicides were 
detected in 14.6 percent of the samples.

Water samples were collected from 147 domes 
tic wells in northeastern Missouri in 1992 and ana 
lyzed for NO3 and herbicides (Wilkison and Maley, 
1994). Nineteen percent of the samples from wells had 
NO3 concentrations in excess of 10 mg/L and 12.9 
percent had detectable concentrations of one or more 
herbicides.

Sievers and Fulhage (1992) sampled 201 rural 
domestic wells in selected counties in Missouri (fig. 1) 
between 1987 and 1989. Nitrate concentrations, which 
exceeded 10 mg/L in 22 percent of the samples, were 
determined to be related to well depth, well construc 
tion methods, and well location. Forty-three percent of 
the wells sampled had at least one pesticide detection. 
The pesticides included 11 herbicides and 8 insecti 
cides. More than 95 percent of the samples with con 
centrations greater than or equal to 1 p,g/L (microgram 
per liter) were from wells along and north of the Mis 
souri River. Pesticide detections correlated most
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strongly with well depth (greatest detection frequen 
cies at shallow depths).

A survey of all Missouri public and community 
drinking-water supplies (PDWS) conducted in 1993 
and 1994 determined only three detectable concentra 
tions of pesticides from suppliers that use ground 
water as the source (Darrell Osterhoudt, Missouri Pub 
lic Drinking Water Program, Missouri Department of 
Natural Resources, oral commun., 1995). The PDWS 
wells often are screened at much deeper intervals than 
domestic wells because of the yields needed to supply 
large quantities of potable water.

Studies in the Midcontinental United States

Wells throughout parts of the midcontinental 
United States were sampled in 1991,1992, and 1993 
(Kolpin and others, 1993, 1994,1995; Kolpin and 
Thurman, 1995) to determine hydrogeologic, spatial, 
and seasonal distribution of NO3 , selected pesticides, 
and pesticide metabolites. This study is referred to as 
the Midcontinent Herbicide Initiative (MCHI) and 
focused on near-surface aquifers [within 50 ft (feet) of 
the land surface]. During 1991, 28.4 percent of the 
sites had detectable concentrations of one or more pes 
ticides or an atrazine metabolite. Twenty-four wells 
were sampled in Missouri as part of the MCHI (fig. 1). 
None of the sites had NO3 concentrations greater than 
10 mg/L. Three sites (12.5 percent) had detectable 
pesticide concentrations. Atrazine was detected at two 
sites. During the 1992 study, which focused on a larger 
group of pesticides, 62 percent of the sampled wells 
had detectable pesticide concentrations. Twenty-seven 
different pesticides were detected. The pesticide detec 
tion frequency was related to the depth to the aquifer, 
irrigation within 5 mi (miles) of the well, proximity of 
the well to streams, and analytical detection limit. 
Wells sampled in 1993 were used to study the possible 
effects of flooding in the upper Mississippi River 
Basin on agricultural chemicals in ground water. 
Water samples from the Missouri River alluvial aqui 
fer had a four-fold increase in the pesticide detection 
frequency after the flood of 1993.

The Ozark Plateaus study unit of the National 
Water-Quality Assessment (NAWQA) Program 
includes a large part of southern Missouri. Samples 
were collected from 39 shallow domestic wells and 35 
springs in Missouri during 1993 and 1994 for NO3 and 
pesticide concentrations (fig. 1). Concentrations of 
NO3 and pesticides did not exceed health-based limits 
at any of the sites (Nowell and Resek, 1994). Pesti

cides were detected at 17 sites (23 percent), with atra 
zine as the most frequently detected pesticide (10 
sites, 13.5 percent). Prometon was detected at seven 
sites (9.5 percent; Adamski and Pugh, 1996). The pes 
ticide detections were significantly related to aquifer 
type and spring discharge. The NAWQA sampling 
methods for pesticide analysis involved using tech 
niques that allow for the quantification of pesticides at 
concentrations of 0.001 (ig/L. These quantification 
levels are an order of magnitude less than the detection 
limits used in previous studies within Missouri.

Numerous statewide studies throughout the 
midcontinental United States have described the 
occurrence and distribution of agricultural chemicals 
in ground water. A summary of selected studies is 
included to show the variability of sampling methods 
and results from state-to-state, as well as within the 
states (table 1, at the back of this report). Other studies 
have examined the occurrence and distribution of NO3 
and herbicides in surface water (Battaglin and others, 
1993; Goolsby and Battaglin, 1993; Mueller and oth 
ers, 1993), the persistence of herbicides in reservoirs 
(Goolsby and others, 1993a), and herbicide transport 
in precipitation (Nations and Hallberg, 1992; Goolsby 
and others, 1993b).

APPROACH

Water samples were collected in areas of Mis 
souri that are expected to have the greatest potential 
effect from agricultural practices. These include areas 
that have the highest estimated rates of fertilizer and 
herbicide use (figs. 2, 3) and that principally use shal 
low ground-water sources for drinking water.

Samples from wells and springs used for this 
study were located in 81 of the 114 counties in Mis 
souri. These counties represent the most intensive 
agricultural crop production areas in Missouri. More 
than 40 percent of the sites were located in counties 
with at least 25 percent of the land in the county used 
for row-crop production. In some counties, more than 
one-half of the county acreage was in row crops.

Most water samples considered in the study 
were collected from wells and springs completed in 
near-surface aquifers. Aquifer names in Missouri are 
not uniform throughout the State, but have been devel 
oped somewhat independently for separate areas that 
coincide with major geohydrologic investigations. 
Aquifers north of the Missouri River were defined and 
named in Imes (1985) and Young (1992) as part of the 
Northern Midwest Regional Aquifer-System Analysis.

4 Occurrence and Distribution of Nitrate and Selected Pesticides in Ground Water In Missouri, 1986-94
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Aquifers south of the Missouri River, excluding the 
southeast lowlands, were denned and named in Imes 
and Emmett (1994) as part of the Central Midwest 
Regional Aquifer-System Analysis. Aquifers in the 
southeast lowlands of Missouri were denned and 
named in Brahana and Mesko (1988) as part of the 
Gulf Coast Regional Aquifer-System Analysis. Allu 
vial aquifers, such as the Missouri and Mississippi 
River alluvial aquifers, are named for the river from 
which they are formed. Because these studies were 
conducted by different teams of hydrologists and 
included different geohydrologic conditions and for 
mation lithologies in multi-state settings, aquifer 
nomenclature is not entirely consistent among the 
studies. However, there are similarities in the aquifer 
definitions and terminology. This report uses com 
bined terminology from Imes (1985), Brahana and 
Mesko (1988), and Imes and Emmett (1994).

The term glacial drift will be used herein to 
identify the geohydrologic unit from which water is 
collected from wells completed in glacial drift and 
loess deposits. Glacial drift may be classified as a con 
fining unit or an extremely poor aquifer. The term 
Pennsylvanian rocks will be used to describe the geo 
hydrologic unit from which water is collected from 
wells completed in Pennsylvanian rocks in northern 
Missouri or the Western Interior Plains confining sys 
tem in west-central Missouri. Where rocks of Pennsyl 
vanian age are sandstone or fractured limestone, small 
well yields are possible. The Mississippian aquifer of 
northern Missouri is nearly equivalent to the Spring 
field Plateau aquifer of southern Missouri. In this 
report, the term Mississippian/Springfield Plateau 
aquifer will be used to identify the approximately 
equivalent units and will include Meremecian Series 
rocks of Mississippian age in extreme northeastern 
Missouri not included in the original definition of the 
Mississippian aquifer. The Cambrian-Ordovician aqui 
fer of northern Missouri is nearly equivalent to the 
Ozark aquifer of southern Missouri. In this report, the 
term Cambrian-Ordovician/Ozark aquifer will be used 
to identify the approximately equivalent units. The St. 
Francis aquifer is a shallow aquifer in southeastern 
Missouri, but the equivalent unit north of the Missouri 
River is too deeply buried to be of interest in this 
study. Water samples from the southeast lowlands are 
from the Mississippi River alluvial aquifer. Because 
chemical analyses for water samples from various 
parts of the State are combined for statistical analysis

in this report, the analyses can include samples from 
different aquifers.

Site Selection and Sampling

Samples from domestic wells were the focus of 
this study although samples from 38 springs also were 
used, either because they were used to supply domes 
tic-drinking water to residents in the area or they rep 
resented shallow ground water in an area where few 
domestic wells were present. Wells and springs con 
sidered for this study (fig. 1) were distributed geo 
graphically by county and source of water. Data were 
available from 854 wells and 38 springs.

Descriptions of the selection, sampling meth 
ods, analytical methods, and quality-assurance proce 
dures for sites sampled by the USGS are described in a 
series of reports (Kolpin and Burkart, 1991; Ziegler 
and others, 1993,1994; Wilkison and Maley, 1994; 
Adamski and Pugh, 1996). Selection, sampling, ana 
lytical, and quality-assurance criteria for the remaining 
sites are detailed in Sievers and Fulhage (1992).

Land Use Description

Selected land-use data were obtained at 428 
sites through questionnaires and interviews with land 
and well owners and onsite observations. Land-use 
data were not collected before 1991 because sampling 
methods did not include this component. Land-use 
data were summarized for three radial distances from 
the well less than 100 ft, 100 ft to 0.25 mi, and 
greater than 0.25 mi. Percentages of land use within a 
0.25-mi radius of the well were estimated using inter 
vals of 25 percent. Land-use data are reported in a 
series of reports (Kolpin and others, 1993; Ziegler and 
others, 1993,1994; Wilkison and Maley, 1994).

Fertilizer and Herbicide Use Estimation

Estimated rates of fertilizer and herbicide use 
were calculated by county for 1990 based on crop pro 
duction and fertilizer- and herbicide-use statistics for 
the seven major crops grown in Missouri (Pauley, 
1993). These crops, in order of decreasing production 
value, are soybeans, corn, hay, wheat, cotton, sor 
ghum, and rice.

The rates of estimated fertilizer use by county 
(fig. 2) refer to the pounds of nitrogen (N) applied per 
square mile. These rates were calculated by multiply 
ing the amount of acreage within each county planted
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in each crop in 1990 by the average amount of N 
applied to each crop (Pauley, 1991; U.S. Department 
of Agriculture, 1994). These N amounts were totaled 
by county, and the total N applied within the county 
was divided by the area of the county to determine the 
rate of N applied per square mile.

In 1990, herbicides accounted for more than 92 
percent of all pesticides applied in Missouri. Because 
most wells were analyzed only for selected herbicides, 
this study examined the relation between the occur 
rence of pesticides and the estimated rate of herbicide 
use by county. The rates of estimated herbicide use by 
county (fig. 3) refer to pounds of active herbicide 
ingredient applied per square mile. These rates were 
calculated by multiplying the amount of acreage 
within each county planted in each major crop in 1990 
by the average amount of active herbicide ingredient 
applied to each crop (Smith and Fairchild, 1990; Pau 
ley, 1991). These herbicide amounts were totaled by 
county, and the total amount of herbicides applied 
within the county was divided by the area of the 
county to determine the rate of herbicides applied per 
square mile.

Highest rates of fertilizer and herbicide use by 
county occurred in the southeast lowlands and in 
counties adjacent to the Missouri River. These areas 
coincide with the major agricultural areas of the State. 
The lowest rates of fertilizer and herbicide use by 
county were in the south-central part of the State, 
sometimes referred to as the Ozark Plateaus.

Statistical Methods

Nonparametric statistical methods were used to 
analyze the data because water-quality data generally 
are not normally distributed and the data often contain 
values less than the detection or reporting limit (cen 
sored data). Data in this report had these characteris 
tics.

The use of nonparametric statistical methods is 
appropriate because these methods are not unduly 
affected by extreme data values (outliers) and because 
ranks of the data are used instead of the actual concen 
tration of the water-quality constituents. A signifi 
cance level (a) of 0.05 was used for all statistical tests 
in this study. At this significance level, there is a 1 in 
20 chance mat the test reported a significant difference 
where none actually existed. Often, the attained signif 
icance level (p-value) from the test was much lower. 
The lower the p-value, the greater the statistical cer 
tainty of the test. A p-value of 0.001 indicates a 1 in

1,000 chance that the test reported a significant differ 
ence where none actually existed.

The nonparametric statistical methods included 
the Kruskal-Wallis test, multiple comparison t-tests on 
the data ranks, and contingency tables (Helsel and 
Hirsch, 1992). The Kruskal-Wallis test is an analysis 
of variance on ranks of data that tests for differences in 
the central tendency, or medians, of two or more 
groups. When the Kruskal-Wallis tests indicated a sig 
nificant difference at the 0.05 level, a t-test on the 
ranks (Tukey's W) was performed on each paired 
group to evaluate which groups were statistically dif 
ferent from one another. Data for each factor were 
analyzed by comparing the ranks of data within cate 
gories. Contingency tables were used to measure the 
statistical significance of factors grouped by herbicide 
detections or nondetections.

Statistical analyses were performed on the first 
set of samples collected after the spring planting 
period, if more than one set of samples was collected 
during a given year. If a well or spring was sampled 
repeatedly during the study, the most recent data were 
used.

Statistical analysis of pesticide data was done 
based on the presence, or absence, of detectable pesti 
cide concentrations because most of the sites had con 
centrations less than the minimum reporting limit. 
Because the analytical detection limit for pesticides 
varied among sample sets, only concentrations that 
exceeded 0.1 ug/L were treated as a pesticide detec 
tion. Previous research has shown that shifts in pesti 
cide analytical limits can significantly affect the 
frequency of detections (Kolpin and others, 1995). 
Because the number of pesticides analyzed varied 
among samplings, statistical analysis was performed 
only for the pesticides analyzed in all samples. These 
pesticides, all of which are herbicides, are alachlor, 
atrazine, cyanazine, metolachlor, metribuzin, prome- 
ton, simazine, and trifluralin. Summary tables of NO3 
and pesticides analyzed by study area, including con 
centration ranges and analytical detection limits, are at 
the back of this report (tables 2, 3).

Graphical Presentation

Boxplots are used in this report to display the 
relations between continuous and categorical vari 
ables. Boxplots provide a concise visual summary of 
essential data characteristics and a way to visually 
compare multiple data sets. Boxplots (fig. 4) show the 
median of the data (central tendency), the variation in

8 Occurrence and Distribution of Nitrate and Selected Pesticides In Ground Water in Missouri, 1986-84



the data, the skewness of the data, and the presence or 
absence of outliers within the data set.

outlier
90th percentile

   75th percentile

   50th percentile (median)

   25th percentile

   10th percentile

Figure 4. Explanation of a boxplot.

NITRATE RESULTS AND FACTORS 
RELATED TO ITS OCCURRENCE

Nitrate, as nitrogen, analyses from 818 wells 
and 38 springs were used in this study. Nitrate concen 
trations in water samples were detected at or above the 
0.05 mg/L reporting limit at 605 sites (70.7 percent). 
The frequency of NO3 detections was high because 
NO3 can originate from a variety of natural and human 
sources. Nitrate concentrations ranged from less than

0.05 to 96 mg/L. The median NO3 concentration in all 
samples was 1.1 mg/L.

Madison and Brunett (1985) suggested a value 
of 3 mg/L as a possible division between natural and 
anthropogenic (human-related) sources of NO3 in 
ground water. Water samples from 313 sites (36.6 per 
cent) had NO3 concentrations greater than or equal to 
3 mg/L. Water samples from 151 sites (17.6 percent) 
had NO3 concentrations greater than or equal to the 
Missouri drinking-water-supply criterion of 10 mg/L 
(Missouri Department of Natural Resources, 1992).

Nitrate data were examined for statistical rela 
tions among hydrogeologic, well, agricultural-prac 
tice, and land-use data. Water samples from shallow, 
large-diameter wells completed in glacial drift or 
Pennsylvanian rocks and from wells where the water 
table was within 50 ft of the land surface, within 0.25 
mi of a feedlot, or within 100 ft of a chemical mixing 
area were more likely to have elevated NO3 concentra 
tions. Elevated NO3 concentrations were not signifi 
cantly related to the percentage of row crops within a 
0.25-mi radius from the well and were inversely 
related to county-wide fertilizer usage.

Aquifer

Nitrate concentrations in water samples from 
wells were significantly related to the aquifer 
(Kruskal-Wallis test; p<0.001; fig. 5). Median NO3 
concentrations in water samples from various aquifers
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Figure 5. Nitrate concentrations from various aquifers [boxplots with different letters 
indicate that a significant difference exists between categories (Tukeys test; a=0.05); 
p, attained significance level from Kruskal-Wallis test; n, number of samples].
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within Missouri are listed in table 4. Multiple compar 
isons indicate that significant differences in median 
NO3 concentrations exist between wells completed in 
alluvial, Mississippian/Springfield Plateau, or Cam- 
brian-Ordovician/Ozark aquifers and wells completed 
in glacial drift and Pennsylvanian rocks (Tukey's test; 
a=0.05). Because of the hydrogeologic setting of 
these aquifers within the State, domestic wells com 
pleted in alluvial, glacial drift, and Pennsylvanian 
rocks tend to be shallower than those completed in 
Mississippian/Springfield Plateau and Cambrian- 
Ordovician/Ozark aquifers.

Table 4. Median concentrations of nitrate in water samples 
from various aquifers

s, nitrate, as nitrogen; mg/L, milligrams per liter]

Aquifer

Alluvial

Cambrian-Ordovician/Ozark aquifer

Glacial drift

Mississippian/Springfield Plateau aquifer

Pennsylvanian rocks

Median NO3 
concentration 

(mg/L)

0.09

.30

5.3

.05

2.05

Well Depth

Nitrate concentrations were significantly related 
to well depth (Kruskal-Wallis test; p<0.001; fig. 6). 
Water samples from wells less than 75 ft deep had sig 
nificantly higher NC>3 concentrations than those sam 
ples from wells that were deeper than 75 ft (Tukey's 
test; a=0.05). Water from wells completed in shallow 
aquifers is more susceptible to contamination because 
of shorter flow paths and less time for degradation and 
denitrification to occur. Median NO3 concentrations 
were highest (3.9 mg/L) in samples from wells less 
than 25 ft deep and consistently declined for increas 
ing well depth (fig. 6). The median NO3 concentration 
was 2.4 mg/L for samples from wells 25 to 50 ft deep, 
1.8 mg/L for wells 50.1 to 75 ft deep, and 0.05 mg/L 
(the analytical detection limit) for wells deeper than 75 
ft.

Well Diameter

Nitrate concentrations were significantly related 
to well diameter (Kruskal-Wallis test; p<0.001; fig. 7). 
Water samples from wells with diameters less than or 
equal to 6 in. (inches) had significantly lower concen 
trations of NO3 than did those samples from wells 
with diameters greater than 6 in. (Tukey's test;
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attained significance level from Kruskal-Wallis test; n, number of samples].

a=0.05). This relation probably exists because wells 
with diameters 6 in. or less were most likely to be 
completed in either alluvial, Mississippian/Spring- 
field Plateau, or Cambrian-Ordovician/Ozark aquifers. 
Wells completed in glacial drift and Pennsylvanian 
rocks were significantly larger in diameter (Tukey's 
test; a=0.05) and many are poorly cased or con 
structed. Median NO3 concentration in samples from 
wells 6 in. or less in diameter was 0.05 mg/L, 6.25 to 
24 in. in diameter was 2.35 mg/L, 24.5 to 36 in. in 
diameter was 4.1 mg/L, and greater than 36 in. in 
diameter was 3.45 mg/L (fig. 7).

Water-Level Depth Below Land Surface

Nitrate concentrations were significantly related 
to the water-level depth below the land surface 
(Kruskal-Wallis test; p<0.001; fig. 8). Water samples 
from wells in which the water level was less than 50 ft 
from the land surface had significantly higher NO3 
concentrations than samples from wells with water 
levels deeper than 50 ft below the land surface 
(Tukey's test; a=0.05). The median NO3 concentra 
tion in samples from wells was 2.1 mg/L where the 
water level was less than 10 ft below land surface, 4.3 
mg/L where it was 10 to 25 ft below land surface, 4.0 
mg/L where it was 25.1 to 50 ft below land surface,

0.31 mg/L where it was 50.1 to 100 ft below land sur 
face, and 0.14 mg/L where it was deeper than 100 ft 
below the land surface. Depth to water generally is an 
indicator of susceptibility of the aquifer to contamina 
tion from surface applications of agricultural chemi 
cals. An extremely shallow water table less than 10 
ft can be favorable to lower NO3 concentrations, 
especially in areas with poorly drained soils that often 
have low dissolved oxygen concentrations. Where 
these conditions occur, ammonia, and not NO3 , tends 
to be the dominant N species in the ground water.

Well Distance from a Feedlot

Nitrate concentrations were significantly related 
to the distance of a well from a feedlot (Kruskal-Wal 
lis test; p<0.001; fig. 9). A feedlot was defined as any 
present, or historical, confined animal enclosure. 
Water samples from wells with a feedlot less than 0.25 
mi away had significantly higher NO3 concentrations 
than samples from wells with a feedlot more than 0.25 
mi away (Tukey's test; a=0.05). The highest median 
concentration of NO3 (3.7 mg/L) was detected in sam 
ples from wells located within 100 ft of a feedlot; sam 
ples from wells located between 100 ft and 0.25 mi 
from a feedlot had only a slightly less median NO3 
concentration (3.5 mg/L). Samples from wells that

Nitrate Results and Factors Related to Its Occurrence 11
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were located more than 0.25 mi from a feedlot had the 
lowest median concentration of NO3 (0.6 mg/L).

Animal manure can be a substantial source of 
N03 to ground water (Madison and Brunett, 1985). 
Nitrogen isotope ratios can be useful in identifying 
sources of NO3 . Nitrogen isotope data from selected 
wells in west-central Missouri (Wilkison, 1993) indi 
cate that animal wastes are the predominant source of 
NO3 in ground water of that area.

Well Distance from a Septic System

Well distance from a septic system, another pos 
sible source of NO3 , did not significantly affect NO3 
concentrations (Kruskal-Wallis test; p=0.128; fig. 10). 
Median concentrations were similar in water samples 
from wells at all three distances from a septic system 
(Tukey's test; a=0.05; 3.2 mg/L, wells less than 100 
ft; 2.1 mg/L, wells between 100 ft and 0.25 mi; and 
2.05 mg/L, wells more than 0.25 mi from a septic sys 
tem; fig. 10).

Well Distance from a Chemical Mixing Area

Nitrate concentrations were significantly related 
to the distance of a well from a chemical mixing area

(Kruskal-Wallis test; p=0.049; fig. 11), although this 
relation was not as strong as the one for well distance 
from a feedlot. Chemical mixing area referred to an 
area where any kind of agricultural chemical, either 
fertilizer or pesticide, was mixed. Significant differ 
ences were detected between samples from wells with 
a mixing area less than 100 ft and from wells with a 
mixing area greater than 0.25 mi away (Tukey's test; 
o>0.05). This relation may result from the fact that, 
where a chemical mixing area was within 100 ft of the 
well, there was a higher frequency (1.7 times) of a 
feedlot within 100 ft of the weU.

Percentage of Row Crops Within a 0.25-Mile 
Radius of the Well

Nitrate concentrations were not significantly 
related to the percentage of row crops within a 0.25-mi 
radius of the well (Kruskal-Wallis test; p=0.897; fig. 
12). The median NO3 concentration was 1.3 mg/L in 
samples from wells that had less than 25 percent in 
row crops, 1.9 mg/L for wells with between 26 and 50 
percent in row crops, 1.6 mg/L for wells with between 
51 and 75 percent in row crops, and 1.4 mg/L for wells 
with greater than 75 percent in row crops within a 
0.25-mi radius of the well. This result would not be

CO

LU

70

60

50

40

30

20

10

n=57

*

*

n=215

*

*
*

*
I 
*

Less than 
100 feet

100 feet to 
0.25 mile

n=16 p=0.128

Greater than 
0.25 mile

WELL DISTANCE FROM A SEPTIC SYSTEM

Figure 10. Nitrate concentrations for various well distances from a septic system 
[boxplots with different letters indicate that a significant difference exists between 
categories (Tukey's test; a=0.05); p, attained significance level from Kruskal-Wallis 
test; n, number of samples].

Nitrate Results and Factors Related to its Occurrence 13



f\J

(0

| 60

(D 

^ul 50

CONCENTRATION, IN ER LITER, AS NITROC \3 CO 4*. 

O O O

NITRATE C 
P!

_ .
0 O

n=39

*

*

*

a, b

n=72 n=198 p=0.049

*

*

*
*
* 

* * 
* *

* 

* *

b, c c

Less than 100 feet to Greater than 
100 feet 0.25 mile 0.25 mile

WELL DISTANCE FROM CHEMICAL MIXING AREA

Rgure 11. Nitrate concentrations for various well distances from a chemical mixing 
area [boxplots with different letters indicate that a signficant difference exists between 
categories (Tuke/s test; a=0.05); p, attained significance level from Kruskal-Wallis test; 
n, number of samples].

| 60

(D

Sm 50

If
gz 40

I8

iS 30
UJF 

z 
gm 20

j£ 10
z

n

n=157 n=113

-

* * 
* ill

*

i! *
-> - JL

-

a a

n=63 n=63 p-0.897

* * -
*

* 
*
* 

* *

*

  *
1

  T -
a a

0 to 25 26 to 50 51 to 75 76 to 100 

PERCENTAGE OF ROW CROPS WITHIN A 0.25-MILE RADIUS OF A WELL

Rgure 12. Nitrate concentrations for various percentages of row crops within a 0.25-mile 
radius of a well [boxplots with different letters indicate that a significant difference exists 
between categories (Tukey's test; a=0.05); p, attained significance level from Kruskal-Wallis 
test; n, number of samples].

14 Occurrence and Distribution of Nitrate and Selected Pesticides in Ground Water in Missouri, 1986-94



expected if the widespread application of fertilizers 
and subsequent leaching to ground water were a major 
cause of elevated NO3 concentrations. Other research 
(Blevins and others, 1996) has shown that as much as 
8.6 mg/L of NC>3 can enter the ground water from a 
single fertilizer application. However, it may take sev 
eral years of repeated applications for the cumulative 
effects to have a discernible effect on ground water.

Fertilizer Use

Nitrate concentrations were inversely related to 
fertilizer use by county (Kruskal-Wallis test; p<0.001; 
fig. 13). Sites with the lowest NO3 concentrations (less 
than the detection limit of 0.05 mg/L) generally were 
in counties that had the highest fertilizer use [median 
value of 17,850 lb/mi2 (pounds per square mile)]. Sites 
with the highest NO3 concentrations (greater than 10 
mg/L) were in counties that had the lowest fertilizer 
use (median value of 6,030 lb/mi2) a relation that 
was not expected. Estimates of county-wide fertilizer 
use may not accurately reflect fertilizer rates near the 
well. Counties with the highest row-crop production 
(therefore, the highest fertilizer use) generally are in 
areas of the State that are underlain by alluvial aqui 
fers. Ground water in these areas tends to have lower

NO3 concentrations, possibly because lower dissolved 
oxygen concentrations produce higher rates of denitri- 
fication.

Counties that had the lowest amount of fertilizer 
use per square mile generally are counties that had the 
highest livestock production. These counties have 
soils that often do not fully support row crops and, 
therefore, many farm operations in these counties 
include livestock production. County livestock cash 
receipts for 1990 were used as a surrogate measure of 
the total amount of livestock within a given county 
(Reddick, 1992). Elevated NO3 concentrations were 
significantly related to higher levels of livestock activ 
ity (Kruskal-Wallis test; p<0.001; fig. 14). These find 
ings are consistent with the significant relation with 
well proximity to feedlot.

PESTICIDE RESULTS AND FACTORS 
RELATED TO THEIR OCCURRENCE

Pesticide analyses from 849 wells and 38 
springs were used in this study. One or more pesticides 
were detected at 101 sites (11.4 percent) at concentra 
tions exceeding 0.1 Lig/L. Atrazine, the most fre 
quently detected pesticide, was detected at 81 sites.
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The order of frequency of pesticide detections was 
atrazine (9.1 percent), alachlor (3.3 percent), desethyl- 
atrazine (2.3 percent), metribuzin (1.9 percent), metol- 
achlor (1.5 percent), deisopropylatrazine (1.1 percent), 
and cyanazine (1.0 percent). Desethylatrazine is a 
metabolite of atrazine and propazine. Deisopropylatra 
zine is a metabolite of atrazine, cyanazine, and 
simazine. Pesticide concentrations exceeded the maxi 
mum contaminant level (MCL) or health advisory 
limit (HAL) for drinking water (U.S. Environmental 
Protection Agency, 1986) at 17 sites (1.9 percent). 
Eleven sites exceeded the MCL for atrazine; one site 
exceeded the MCL for alachlor. The HAL for cyana 
zine and metolachlor was exceeded at one site each.

Pesticide data were analyzed for statistical rela 
tions among hydrogeologic, well, agricultural-prac 
tices, and land-use data. The data indicate that water 
samples from shallow, large-diameter wells completed 
in glacial drift or Pennsylvanian rocks are most likely 
to have detectable pesticide concentrations. Addition 
ally, wells where the water table was within 100 ft of 
the land surface or that had chemicals mixed within 
100 ft of the well also were more likely to have detect 
able pesticide concentrations. Pesticide detections 
were not significantly related to the percentage of row

crops within a 0.25-mi radius of the well, nor were 
they related to the county-wide herbicide use.

Aquifer

Pesticide detection frequency was significantly 
related to the aquifer in which the well was completed 
(contingency table test; p<0.001). Wells completed in 
Pennsylvanian rocks had the highest detection per 
centage (22.2 percent), followed by wells completed 
in glacial drift (15.4 percent). Samples from wells 
completed in Mississippian/Springfield Plateau (5.2 
percent) and Cambrian-Ordovician/Ozark (2.4 per 
cent) aquifers had lower detection frequencies (fig. 
15). Wells completed in glacial drift and Pennsylva 
nian rocks were shallower (Tukey's test; a=0.05) than 
those completed in Mississippian/Springfield Plateau 
or Cambrian-Ordovician/Ozark aquifers because of 
the depth of the rocks within the State. Shorter flow 
paths in the glacial drift and Pennsylvanian rocks may 
result in less time for processes such as degradation, 
dispersion, adsorption, and transport to occur as pesti 
cides move from the land surface to the ground water.

16 Occurrence and Distribution of Nitrate and Selected Pesticides In Ground Water in Missouri, 1986-94



CO

2
CO

o
UJ

UJg

35

30

»

15

219

D SAMPLE WITH NO PESTICIDES 
DETECTED

E SAMPLE WITH PESTICIDES 
DETECTED

133

81

22

73

14

38

Alluvial 
aquifers

(9.1 percent)

Cambrian-Ordovician/ 
Ozark aquifer
(2.4 percent)

Glacial drift 

(15.4 percent)

Mississippian/Springfield Pennsylvanian rocks 
Rateau aquifer

(5.2 percent) (22.2 percent)

AQUIFER

Figure 15. Relation of pesticide detection frequency to aquifer (total number of samples in category 
above bar; percentage of samples in category with pesticide detections in parentheses below bar).

Well Depth

Pesticide detection frequency was significantly 
related to well depth (contingency table test; p<0.001). 
The median well depth for samples without pesticide 
detections was 50 ft as compared to a 30-ft well depth 
for samples that had pesticide detections. More than 
80 percent of pesticide detections were in samples 
from wells less than 50 ft deep, and the percentage of 
detection decreased with increasing well depth (fig. 
16).

Well Diameter

Pesticide detection frequency is significantly 
related to the well diameter (contingency table test; 
p<0.001). Median well diameter for wells that had no 
pesticides detected in water samples was 8 in.; median 
well diameter was 36 in. for wells that had pesticide 
detections in water samples. This relation to well 
diameter (fig. 17) may be related to two factors. Large- 
diameter wells more often are completed in either gla 
cial drift or Pennsylvanian rocks, where the depth to 
water typically is shallower than in other aquifers 
(with the exception of alluvial aquifers). Therefore, 
shorter flow paths exist where the large-diameter wells

occur. Large-diameter wells also may be more suscep 
tible to near-surface contamination because many of 
the wells are poorly cased with rocks, bricks, or tiles 
and were constructed before the implementation of 
well construction guidelines established in 1987 (Mis 
souri Department of Natural Resources, 1993).

Water-Level Depth Below Land Surface

Pesticide detection frequency was significantly 
related to the water-level depth below the land surface 
(contingency table test; p<0.001). The median depth to 
water for wells with pesticide detections in water sam 
ples was 13.4 ft, but was 40.8 ft for wells that did not 
have pesticide detections in water samples. Samples 
from wells with water levels less than 10 ft deep were 
about 2.5 times as likely to have pesticide detections 
as samples from wells where the water level was 
deeper than 25 ft (fig. 18). Where the water table is 
near the land surface, shorter flow paths may exist.

Well Distance from a Chemical Mixing Area

Pesticide detection frequency was significantly 
related to the well distance from a chemical mixing

Pesticide Results and Factors Related to their Occurrence 17
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area (contingency table test; p<0.001). Pesticide detec 
tions were 3.4 times as likely in water samples from 
wells where chemicals were mixed within 100 ft from 
the well than for wells where chemicals were mixed 
more than 0.25 mi from the well (fig. 19). Although 
only one chemical handling accident was reported by 
well owners in this study, the mixing of pesticides 
close to a wellhead allows for the possible contamina 
tion of the well through either accidental spills or 
back-siphoning.

Percentage of Row Crops Within a 0.25-Mile 
Radius of the Well

Wells with detectable concentrations of pesti 
cides in water samples had a higher median percentage 
of row crops within a 0.25-mi radius of the well (50 
percent) as compared to those wells that did not have 
pesticide detections (40 percent), although this rela 
tion was not statistically significant (contingency table 
test; p=0.664; fig. 20). Kolpin and others (1994) docu 
mented similar results throughout the midcontinental 
United States. The intensity of row crops around the 
well would be expected to contribute to the frequency 
of detections. However, because it did not, wellhead 
practices (within 100 ft), such as chemical handling

water-level depth below land surface (total number of 
in category with pesticide detections in parentheses

procedures, probably are more important in the fre 
quency of pesticide detections.

Herbicide Use

Pesticide detection frequency was not signifi 
cantly related to the amount of county-wide herbicide 
use. Samples with herbicide detections were from 
counties that had about the same median amount of 
pesticides applied per square mile as those that had no 
pesticides detected (Kruskal-Wallis test; p=0.275; fig. 
21). Because of the large amount of pesticides applied 
to crops in the State, this relation was expected to be 
significant. However, the lack of significance probably 
is because pesticide detection frequency is strongly 
related to practices near the wellhead. Also, county- 
wide herbicide-use statistics may not accurately reflect 
herbicide use rates near the well.

Nitrate Concentrations

Water samples from wells with detectable pesti 
cide concentrations had significantly higher concentra 
tions of NO3 than did samples from wells where no 
pesticides were detected (Kruskal-Wallis test; 
p<0.001; fig. 22). The median concentration of NO3
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from samples with pesticides detections was 2.4 mg/L 
and was 1.0 mg/L for samples where no pesticides 
were detected. This indicates that at least some of the 
processes and factors that affect transport of NO3 and 
pesticides are similar. Therefore, areas susceptible to 
NC>3 contamination are susceptible to pesticide con 
tamination as well.

SUMMARY AND CONCLUSIONS

The occurrence and distribution of nitrate, as 
nitrogen, and selected pesticides in ground water in 
Missouri was determined using data collected between 
1986 and 1994 from 854 domestic wells and 38 
springs. Sampling sites were located in 81 of the 114 
counties in Missouri. Hydrogeologic, well, agricul 
tural-practice, and land-use data were used in statisti 
cal analyses to determine relations to nitrate 
concentrations and pesticide detection frequency in 
ground water.

Nitrate concentrations were detected hi ground 
water much more frequently and at much higher con 
centrations than were pesticides. More than 36 percent 
of the sites had nitrate concentrations in excess of 3 
milligrams per liter, indicative of a possible anthropo 
genic source of nitrate for many sites. Almost 18 per 
cent of the sites had nitrate concentrations in excess of 
the Missouri drinking-water-supply criterion of 10 
milligrams per liter.

Elevated nitrate concentrations in ground water 
were significantly related to aquifer, well depth, well 
diameter, the water-level depth below the land surface, 
well distance to a feedlot, and well distance from a 
chemical mixing area. Ground water from glacial drift 
or Pennsylvanian rocks had significantly higher con 
centrations of nitrate than did ground water from allu 
vial, Mississippian/Springfield Plateau, or Cambrian- 
Ordovician/Ozark aquifers. Water samples from wells 
less than 75 feet deep, greater than 6 inches in diame 
ter, and where the water level was less than 50 feet 
from the land surface had significantly higher nitrate 
concentrations than samples from other wells. Water 
samples from wells less than 0.25 mile from a feedlot 
and wells where chemicals were mixed within 100 feet 
of the well had significantly higher nitrate concentra 
tions than samples from other wells.

The frequency of elevated nitrate concentrations 
(greater than 3 milligrams per liter) in ground water 
indicates that anthropogenic sources are contributing 
to the high nitrate concentrations. If the widespread 
application of fertilizer resulted in elevated nitrate

concentrations hi ground water, then increases in 
county fertilizer use and in the percentage of surround 
ing row crops would be expected to be predictors of 
increased nitrate concentrations. Neither of these is 
true. Nitrate concentration is inversely related to 
county-wide fertilizer use, which indicates that other 
sources apparently are more important hi the transport 
of nitrate to ground water. Nitrogen-isotope and land- 
use data indicate that animal wastes were the predomi 
nant source of nitrate in ground water in west-central 
Missouri.

Pesticides were detected hi ground water much 
less frequently than nitrate, and at much lower concen 
trations. Slightly more than 11 percent of the sites had 
concentrations of one or more pesticides hi excess of 
0.1 microgram per liter. Concentrations of at least one 
pesticide exceeded the maximum contaminant level or 
health advisory limit hi 1.9 percent of samples. Atra- 
zine was the most frequently detected pesticide.

Pesticide detections hi ground-water samples 
were significantly related to aquifer, well depth, well 
diameter, water-level depth below land surface, well 
distance to a chemical mixing area, and nitrate con 
centrations. Wells completed in glacial drift or Penn 
sylvanian rocks had more frequent pesticide detections 
than did wells completed in alluvial, Mississip 
pian/Springfield Plateau, or Cambrian-Ordovi- 
cian/Ozark aquifers. Water samples from wells less 
than 75 feet deep, greater than 6 inches hi diameter, 
and where the water level was within 50 feet of the 
land surface were more prone to pesticide detections 
than samples from other wells. Water samples from 
wells where chemicals were mixed less than 100 feet 
from the well were 3.4 times more likely to have a 
pesticide detection than water from wells where pesti 
cides were mixed at distances greater than 0.25 mile 
from the well. Ground water in areas susceptible to 
elevated pesticide concentrations also had signifi 
cantly higher nitrate concentrations.

This study focused on nitrate and pesticides in 
samples from domestic wells and shallow ground 
water in the State. Based on the results of this study, as 
many as 80,000 domestic wells (24 percent) in the 
State may have nitrate concentrations larger than the 
drinking-water criterion or have detectable concentra 
tions of one or more pesticides. The data indicate the 
presence of elevated nitrate and pesticide concentra 
tions in ground water within the State, although they 
primarily are associated with practices that occur near 
the wellhead. Results of this study indicate that ele-
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vated nitrate and pesticide concentrations are likely to 
be localized and limited to shallow ground water. 
However, continued use of agricultural chemicals 
could increase the amount of nitrate and pesticides 
present in ground water, and a state-wide ground- 
water monitoring network would help to determine the 
magnitude and extent of contamination and to assess 
seasonal and historical changes in ground-water qual 
ity.
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